INTRODUCTION {#sec1-1}
============

Notwithstanding its controversial aspects,\[[@ref1]\] one anastomosis (mini) gastric bypass (OAGB) is rapidly gaining in popularity in many parts of the world with several thousand cases now published in the scientific literature.\[[@ref2]\] It is a variant of gastric bypass which involves the construction of a long lesser curvature-based gastric pouch followed by a gastroenterostomy approximately 150--200 cm distal to the duodenojejunal flexure.\[[@ref2]\] Although not reported in small studies,\[[@ref3]\] clinically significant protein--calorie malnutrition needing revisional surgery has been reported\[[@ref2]\] with this procedure and appears to be more common than seen with the Roux-en-Y gastric bypass (RYGB).\[[@ref4]\] The reported incidence is as high as 1.28% in some studies.\[[@ref5]\]

Experience with RYGB has shown that a range of 100--200 cm for combined length of biliopancreatic limp (BPL) and alimentary limb gives optimum results in most patients. Distal RYGB with longer alimentary limb or BPL carries higher risks of malnutrition, without corresponding significant gains in weight and comorbidity resolution outcomes.\[[@ref6]\] Even though many authors have reported using 200 cm BPL length as the standard length of BPL with OAGB,\[[@ref3][@ref7][@ref8][@ref9]\] there is currently no consensus on the optimum length of BPL with OAGB and the reported lengths vary from 150 cm on the shorter side\[[@ref10]\] to variable length formulae using significantly longer limbs for heavier patients.\[[@ref11]\] It is currently unclear if there is a link between the severe protein--calorie malnutrition with OAGB and the length of the BPL. In the absence of such data, it has proved difficult to standardise the length of the BPL with this operation.

The purpose of this study was to find the magnitude of severe protein--calorie malnutrition requiring further revisional surgery with OAGB. This outcome was chosen for two reasons. First, it would take into account a number of clinical problems such as severe malabsorption with persistent diarrhoea, severe hypoalbuminaemia and excessive weight loss that are often bundled together as severe protein--calorie malnutrition. The second reason was that this is a specific measurable outcome that has been widely reported in the literature on this topic. We also examine any potential relationship between this complication and the length of the BPL used in operation.

METHODS {#sec1-2}
=======

Since it appears to be a low magnitude problem with each surgeon reporting only a few cases, we decided to conduct a worldwide survey of OAGB surgeons to understand the full scale of the problem. Surgeons performing this operation were identified through published scientific articles, e-mail chat group of OAGB surgeons, personal communication, use of social media and by e-mailing presidents of all the national bariatric societies affiliated to the International Federation for the Surgery of Obesity and Metabolic Disorders. These surgeons were then invited by e-mail to participate in a questionnaire-based survey on SurveyMonkey^®^ starting on 1^st^ January 2016. The link to the survey was also freely shared on various e-mail groups, electronic platforms of bariatric surgeons and social media. The survey was closed for analysis on 15^th^ April 2016. We captured data on the nationality of the surgeon, cumulative experience of the surgeon with this operation, contraindications to this procedure in their practice, length of the BPL, magnitude of severe protein--calorie malnutrition requiring revisional surgery and nature of any revisional surgery performed. Further clarification was obtained by writing to the surgeons individually as and when needed. Basic descriptive statistics was used.

For the purposes of this study, the severe nutritional complication was defined as excessive weight loss or protein--calorie malnutrition severe enough to justify revisional surgery. This end-point was chosen over less severe nutritional complications to minimise recall bias and also because it is a widely reported outcome measure in the published literature on this procedure. However, this problem can never be completely overcome with any survey. We hence further corroborated the survey data with published rates of revisional surgery for severe protein--calorie malnutrition with OAGB in the English language scientific literature. Previously published reviews\[[@ref1][@ref2][@ref12]\] have not examined this issue in any depth. For this part of the study, we carried out a search of PubMed using various combinations of keywords 'bariatric surgery' or 'obesity surgery' or 'gastric bypass' or 'mini gastric bypass' or 'omega loop bypass' or 'single anastomosis gastric bypass' or 'one anastomosis gastric bypass' to identify all the studies on OAGB. No time filter was used. The last of these searches was carried out on 20^th^ January 2016. Relevant articles were also identified from the references of these articles. All English language articles on OAGB that described any original experience with this procedure were then retrieved and reviewed.

We excluded multiple studies from the same centre to avoid potential duplication of data and studies that did not report on the malnutrition with this procedure.\[[@ref13]\] Studies on patients with body mass index (BMI) \<35 were also excluded\[[@ref14][@ref15][@ref16][@ref17][@ref18]\] as were the reviews without any original data.\[[@ref1][@ref2][@ref12]\] Studies that focussed on the metabolic aspect of operation and did not report on nutritional and other complications were excluded\[[@ref19]\] too. Finally, a total of 13 studies were included for this part of the study. [Figure 1](#F1){ref-type="fig"} provides a PRISMA flowchart for article selection. No Institutional Review Board approval was needed for this survey and systematic review of the literature.

![PRISMA flowchart for article selection](JMAS-14-37-g001){#F1}

RESULTS {#sec1-3}
=======

Country of origin and experience {#sec2-1}
--------------------------------

A total of 118 surgeons from thirty countries reported having performed 47,364 (range 1--6000) OAGB procedures between September 1997 and April 2016. [Table 1](#T1){ref-type="table"} lists countries with three or more respondents. With 25.7% (*n* = 29) of surgeons, India accounted for the largest number of the respondents followed by France with 14.2% (*n* = 16) of respondents. With 8% (*n* = 9) of respondents each, Italy and the United Kingdom were both at the third place. Out of these surgeons, 46.85% (52/111) of surgeons reported having performed over 100 procedures each, 18.92% (21/111) had performed between 51 and 100 procedures and 34.23% (38/111) had performed between 1 and 50 procedures at the time of filling this survey.

###### 

Country of origin of one anastomosis (mini) gastric bypass surgeons

![](JMAS-14-37-g002)

Contraindications to one anastomosis (mini) gastric bypass {#sec2-2}
----------------------------------------------------------

Fifty-five per cent (60/109) of the respondents reported using at least one absolute contraindication to this procedure in their practice, and 74% of the respondents (75/101) reported at least one relative contraindication. [Table 2](#T2){ref-type="table"} lists commonly reported absolute and relative contraindications.

###### 

Commonly reported contraindications for one anastomosis (mini) gastric bypass surgeons
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Severe malnutrition needing revisional surgery and its relationship with biliopancreatic limb {#sec2-3}
---------------------------------------------------------------------------------------------

A total of 101 surgeons provided data on severe protein--calorie malnutrition needing further revisional surgery in 36,952 patients. Some respondents did not provide information on this complication accounting for the discrepancy with total numbers as above. Out of this, 38.6% (39/101) of surgeons used a fixed BPL length ranging from 100 to 250 cm. The most common fixed limb length was 200 cm, which was used by 27.7% (28/101) of surgeons. A number of other fixed limb lengths were also used as detailed in [Table 3](#T3){ref-type="table"}. Sixty-two (61.4%) surgeons reported using 44 different variable length formulae depending on a number of patient characteristics such as age, BMI, sex, eating behaviour (shorter limbs for vegetarians), presence or absence of diabetes, nature of surgery (primary or revisional) and total small bowel length.

###### 

Relationship between biliopancreatic limb length and severe protein--calorie malnutrition requiring revisional surgery
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[Table 3](#T3){ref-type="table"} provides a list of severe protein--calorie malnutrition needing further revisional surgery for different lengths of BPL. The overall complication rate was 0.37% (138/36,952). The highest percentage of 0.51% (120/23,277) was recorded with variable length formulae using \>200 cm of BPL for some patients. The most common fixed BPL length of 200 cm was associated with 0.15% (6/3993) complication rate. Variable length formulae using ≤200 cm BPL were associated with an even lower complication rate of 0.07% (5/7101). This trend continued with 0% complication rates seen in 315 patients with 180 cm BPL (used by four surgeons) and 1040 patients with 150 cm BPL (used by three surgeons). Somewhat higher than expected number of 1.75% (7/400) was only reported by one surgeon.

For surgeons who reported revisions with variable length formulae, further information on the length of BPL was sought by e-mailing them. This information was provided by 12 surgeons on 30 patients, and all of these patients had BPL length of \>200 cm. The reported range varied from 230 to 300 cm.

Out of 138 patients, who needed further surgery for severe protein--calorie malnutrition, 71 (51.44%) patients underwent reversal of OAGB, 60 (43.4%) underwent sleeve gastrectomy, 2 (1.45%) underwent RYGB and 5 (3.6%) underwent shortening of the BPL.

Data from published studies on one anastomosis (mini) gastric bypass {#sec2-4}
--------------------------------------------------------------------

[Table 4](#T4){ref-type="table"}\[[@ref3][@ref4][@ref5][@ref7][@ref8][@ref9][@ref10][@ref11][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] gives an overview of published OAGB data, especially with special reference to the length of BPL and severe protein--calorie malnutrition. A total of 13 studies reported on 8863 patients with a mean age of 38.17 years and a mean weight and BMI of 126 kg and 45.5 kg/m^2^, respectively. Out of these, 6411 (72.3%) were female. Four (31%) of these studies used a fixed length of BPL in their patients (one study used 150 cm and three studies used 200 cm). Remaining 9 (69%) studies used a variable length formula for BPL depending on the BMI of the patient. The reported frequency of severe protein--calorie malnutrition ranged from 0%\[[@ref8]\] to 1.1%.\[[@ref4]\] A total of 68 (0.76%) patients presented with severe protein--calorie malnutrition and 50 of these (0.56%) needed surgical correction. Out of these fifty patients, 38 underwent reversal (76%) of the OAGB and the remaining 12 were converted to SG (24%).

###### 

Basic demographics, limb length and severe protein--calorie malnutrition requiring revisional surgery in published one anastomosis (mini) gastric bypass studies
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DISCUSSION {#sec1-4}
==========

Severe protein--calorie malnutrition needing surgical revision is one of the recognised problems with OAGB.\[[@ref2]\] The frequency of 0.37% that we found in our survey and 0.56% in published literature does prove that severe protein--calorie malnutrition needing further revisional surgery is relatively rare after OAGB. The highest rate of 0.6% was seen in the survey with variable length formulae using BPL in excess of 250 cm for some patients, and lowest rates of 0% were seen with BPL of 150 cm or lower.

As it is evident from both the survey and the review part of this paper, a BPL length of at least 200 cm is the one used most frequently. In our survey, it was associated with 0.15% chance of severe nutritional issues needing corrective surgery. The fact that one of the survey surgeons observed a 1.75% rate for this complication with 170 cm and other surgeons have reported 1.28% rate with 180--200 cm\[[@ref5]\] can be explained by variations in patient characteristics or a lack of precision in techniques used for measurement of small bowel length.\[[@ref26]\]

A recent systematic review suggested that most of the benefits of RYGB could be obtained with a combined alimentary and BPL length range of 100--200 cm.\[[@ref6]\] It was suggested that an ideal combined alimentary and BPL limb length of 150 cm would be able to absorb most of the errors in measurement and keep surgeons in the suggested ideal range of 100--200 cm.\[[@ref6]\] It could be reasonably extrapolated that similar to the Standard Proximal RYGB.\[[@ref6]\] Most of the benefits of the OAGB could also be obtained with a BPL length of 150 cm. As we have found in this paper, it will reduce the rates of severe protein--calorie complications needing revisional surgery down to zero. The safety and efficacy of 150 cm BPL with OAGB does, however, merit further scientific confirmation.

Just like there is no consensus on the limb lengths with RYGB,\[[@ref27]\] this study shows that there is wide variation in the length of BPL with OAGB. In fact, a majority of surgeons are now using one of a large number of variable length formulae to determine the length of the BPL. We found that 61.4% of survey respondents and 69% of published authors did not use a fixed BPL length while performing OAGB.

There is little doubt that a definite percentage of patients who have undergone OAGB suffer from severe protein--calorie malnutrition and need further corrective surgery. In this study, we found a 0.37% revisional surgery rate for such complications in the survey of OAGB surgeons and 0.56% in the published studies. Since the difference between two numbers is not much, any potential for underreporting in the survey must be small.

This study has several unique features. It is the first global survey of surgeons performing OAGB. No other study in the scientific literature to date has attempted to understand variations in the length of BPL used with this procedure. This is also the first attempt at quantifying severe protein--calorie malnutrition requiring corrective surgery after OAGB. It is also the first paper to explore any link between severe protein--calorie malnutrition after OAGB and longer lengths of BPL. Our finding that BPL length of 150 cm was able to reduce nutritional complications down to 0% could help standardise the BPL length with OAGB. Future-focussed studies need to examine whether it would be associated with any reduction in the efficacy of this operation.

There are several weaknesses to this paper. There is a significant potential for underestimation of this problem in our survey due to recall bias and loss to follow-up. This study focuses on severe protein--calorie malnutrition and does not examine micronutrient deficiency and compliance with supplements. These issues need to be examined in future studies. Moreover, this study can only report on early revisions for protein--calorie malnutrition as there is a real lack of long-term data on this procedure. It cannot hence be ruled out that more patients might present with this problem in due course though authors expect that number to be small.

Moreover, we cannot guarantee that we have managed to capture every single surgeon performing OAGB, and since the survey was widely advertised among the bariatric surgical community, we do not know the response rate. However, this is unlikely to seriously compromise the importance of this investigation as we know from our personal experience with this community that this survey has captured most of the influential voices on this procedure as well as most surgeons with significant experience. It is still possible that surgeons with higher complication rate than what has been reported have not participated in the survey leading to a further potential for underestimation. This survey will also miss those patients who have been operated for by surgeons other than the primary surgeons. However, these weaknesses should at least partly be overcome by our examination of published data and might perhaps also explain the observed slight difference between the rates seen with the survey and that within the published literature.

The reported revision rates may further vary depending on the threshold of an individual surgeon and other patient or surgeon characteristics independent of the length of the BPL. Finally, since this investigation focuses on the most severe forms of protein--calorie malnutrition, it cannot tell us about less severe forms of protein--calorie malnutrition that presumably affect a larger patient population with consequent impairment of gastrointestinal quality of life.

The quality of any survey data is recognised to be weak as it suffers from not only recall bias but also potential for deliberate underreporting. It was precisely for this reason that we corroborated our survey data with that from the published literature. However, those data in itself suffer from publication bias and surveys of this nature remain in the opinion of the authors the best tool for preliminary exploration of a relatively rare problem.

CONCLUSIONS {#sec1-5}
===========

Approximately, 0.37%--0.56% of patients undergoing OAGB need surgical correction for severe nutritional issues. Highest rates of 0.6% for this complication were seen in the hands of surgeons using variable length recommending BPL length of \>250 cm and lowest rates of 0% in the hands of surgeons using a BPL of 150 cm or lower. Future studies need to examine the efficacy of a standardised BPL length of 150 cm with OAGB.
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